The polar and apolar fractions of Curcuma longa and C. zanthorriza enriched by ar-turmerone, ar-curcumene and xanthorrizol were screened for cytotoxic activity against the HeLa cell line. Actinomycin D and curcumin were used as reference samples, both known for their cytotoxic properties. Amongst all fractions tested, the xanthorrizol fraction (CC 50 : 26.1±1.9 µM) showed the strongest cytotoxic properties similar to those of curcumin (CC 50 : 8.1±1.7 µM). Further studies also revealed that the cytotoxic effects of the extracts and pure compounds are caused by apoptosis induction identified by the cleaved form of PARP protein
In particular, xanthorrhizol exerts proapoptotic and antiproliferative effects against some colon, breast and liver cancer cell lines and HeLa cells [9, 10, 11] . A synergistic inhibitory activity of xanthorrhizol in combination with curcumin has been shown against breast cancer cells [12] . Ar-turmerone (a pharmacore -α, βunsaturated ketone) induced apoptosis in human and murine leukaemia cell lines [13] [14] [15] [16] [17] . The aim of this study was the evaluation of the cytotoxicity of xanthorrhizol, curcumin, C. longa and C. zanthorrhiza root essential oils and their corresponding polar and apolar fractions.
To evaluate the cytotoxic effect of the compounds, we applied increasing concentrations (1μM -100μM) of the pure compounds (solved in DMSO) to HeLa cells growing on Petri dishes. The final concentration of DMSO in the final incubation mixtures was 0.5 %. Twenty-four hours after application of compounds, the cells were tested for viability using Cell Proliferating Reagent WST-1. We found that the concentrations of pure xanthorrhizol and ar-turmerone necessary for decreasing cell viability by 50% (CC 50 ) were 26.1±1.9 μM and 66.8±8.1 μM. The CC 50 values for the polar fractions of C. longa and C. zanthorrhiza essential oils were 76.3±12.5 μM and 63.2±17.3 μM, respectively. The CC 50 values of C. longa and C. zanthorrhiza apolar and ketone oil fractions however, were less pronounced and above 100 μM. The CC 50 of curcumin, which was used as the control compound, was 8.1±1.7 μM (Table 1 ). To distinguish between apoptosis and necrosis as main mechanisms of cell death caused by the compounds, we checked the cleaved forms of PARP protein as a marker of apoptosis [18] in the treated cells. For that, we prepared the lysates from the MEF cells 24 hours after exposure to the compounds and performed immunodetection of PARP protein. We found the cleaved forms of PARP protein in the cells treated with ar-turmerone and polar fractions of C. longa and C. Zanthorrhiza, but not in the cells treated with DMSO only (Figure 2 ). According to our results pure xanthorrhizol has a high cytotoxic potential against HeLa cells, almost equal to the cytotoxicity of curcumin. The polar fractions of C. longa and C. zanthorrhiza essential oils demonstrated higher cytotoxicity than the apolar fractions of those oils. Though ar-turmerone is the main component of the polar fraction of C. longa oil, we did not observe the increase of cytotoxicity in the ar-turmerone-rich ketone fraction of C. longa oil.
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Furthermore, we were also able to detect the cleaved forms of PARP protein in the MEF cells treated with ar-turmerone and polar fractions of C. longa and C. zanthorrhiza. As the cleavage of PARP is a well established marker of apoptosis, the observed cytotoxicty of the test compounds was caused by apoptosis induction.
In summary, our results demonstrated pronounced anticancer activities of curcuma constituents and extracts which might be also seen in humans after peroral application of curcuma either as a dietary supplement or as a spice. Methods and models used: GC and GC-MS analyses of oils and fractions were carried out simultaneously using a Finnigan ThermoQuest Trace-GC with a dual split/splitless injector, a FID detector and a Finnigan Automass quadrupole mass spectrometer. One inlet was connected to a 50 m x 0.25 mm x 1.0 μm SE-50 fused silica column (CS Chromatographie Service, Germany), the other injector was coupled to a 60 m x 0.25 mm x 0.25 μm Carbowax 20M column (J & W Scientific, USA). The two columns were connected at the outlet to a quarz X connector (cross union) and the two other joints of the connector coupled to the FID and MS detectors with a short (~50 cm) 0.1 mm id fused silica restrictor column as a GC-MS interface and a 1 m x 0.25 mm deactive fused silica column as a transfer-line for the FID. The carrier-gas was helium 5.0, with constant flow-rate of 1.5 mL/min. for the operated column, while the unused column was held at a low flow-rate of 0.1 mL/min. The injector-temperature was 230°C, the FID-temperature 250°C, the GC-MS-interface-heating 250°C, the ion-sourcetemperature 150°C, EI-mode at 70 eV, scan-range 40-300 amu. Temperature-program used: 46°C for 1 min. to 100°C at a rate of Cytotoxicity of Curcuma longa and C. zanthorriza essential oils Natural Product Communications Vol. 10 (1) 2015 141 5°C/min.; 100°C to 230°C at 2°C/min.; and 230°C for 13.2 min. Identification of compounds was achieved using the Finnigan XCalibur 1.2 software with MS correlations through the NIST2008, Adams, MassFinder and our own library. Retention indices of reference compounds and from literature data were used to confirm peak data. Quantification was achieved through peak area calculations of the FID chromatogram.
Preparation of C. longa and C. zanthorrhiza polar and apolar fractions:
The separations of the polar and apolar fractions were made using column-chromatography with silica-gel. By elution with n-pentane the apolar and with diethylether (after turn-around of the column) the polar fractions were obtained. [19] Preparation of C. longa ketone-fraction: Semicarbazide hydrochloride {1.1 g (10 mmol)} and 1g water-free natrium acetate were dissolved in 10 mL MeOH and 4 mL H 2 O. One g of C. longa oil was added with stirring at 50°C overnight (~12 h). The yellowish solution was extracted using 3 x 15 mL n-pentane. The pentane-extract was eliminated to obtain the hydrazone-rich methanolic one. The hydrazones of the MeOH-fraction were dissolved using 150 mL 2M oxalic acid and steam-distilled by means of a Clevenger-apparatus with n-hexane as keeper in the recipient. The hexane was evaporated and the obtained oil dried in vacuum. The yield was 0.2 g oil with a content of 71.2% ar-turmerone.
Preparation of C. zanthorrhiza phenolic fraction:
Two g C. zanthorrhiza oil was dissolved in 20 mL 1N methanolic KOH and extracted using 5 x 20 mL n-pentane. The methanolic solution was made up to 200 mL with water. This sample was made acidic using 1N aqueous HCl and extracted with 3 x 20 mL n-pentane. The pentane-extract was dried with water-free Na 2 SO 4 . To obtain absolutely solvent-free samples, distillation in high-vacuum was used. The yield was 0.22 g of dark-brown oil with a content of 93.1% xanthorrhizol.
Cell proliferation reagent WST-1 (Roche):
This kit measures cell viability by quantification of formazan produced from tetrazolium salts in live cells. The substances were diluted in DMSO to achieve a final concentration in the range from 1 μM to 100 μM. The incubation time was 24 h. The reference compound were curcumin and actinomycin D.
Immunodetection: Briefly, cell lysates, containing approximately 40 μg of proteins, obtained by boiling cell pellets solubilized in Laemmli sample buffer, were applied to SDS/PAGE, blotted onto PVDF (polyvinylidene difluoride ) membrane, immunostained with antibodies and developed using an enhanced chemiluminescence reagent (Pierce). Antibody specific to the cleaved form of PARP (Cell Signalling Technology; cat.num.9544) and antibody against βactin (Sigma; cat. num. A2228) were used.
